The charge-exchange ( 3 He,t) scattering to the isobaric analog state (IAS) of the target can be considered as "elastic" scattering of 3 He by the isovector term of the optical potential (OP) that flips the projectile isospin. Therefore, the accurately measured charge-exchange scattering crosssection for the IAS can be a good probe of the isospin dependence of the OP, which is determined exclusively within the folding model by the difference between the neutron and proton densities and isospin dependence of the nucleon-nucleon interaction. Given the neutron skin of the target is related directly to the same density difference, it can be well probed in the analysis of the chargeexchange ( 3 He,t) reactions at medium energies when the two-step processes can be neglected and the t−matrix interaction can be used in the folding calculation. For this purpose, the data of the ( 3 He,t) scattering to the IAS of 90 Zr and 208 Pb targets at E lab = 420 MeV have been analyzed in the distorted wave Born approximation using the double-folded charge-exchange form factor. The neutron skin deduced for these two nuclei turned out to be in a good agreement with the existing database.
The neutron skin thickness determined as the difference between the neutron and proton (root mean square) radii,
was found by numerous structure studies to be strongly correlated with the slope of the symmetry energy of nuclear matter, i.e., the density dependence of the symmetry energy [1, 2] , which in turn is a key quantity for the determination of the equation of state of the neutron-rich nuclear matter. As a result, an accurate determination of the neutron skin has become an important research object of different nuclear reaction and structure studies (see a more detailed overview in Ref. [2] ).
Although it is straightforward that we need to choose a well-defined and closely related to the neutron skin quantity that can be measured with high precision, the sensitivity of such experimental data to the neutron skin is often indirect and model dependent. Usually, a correlation between the neutron skin and such an experimental quantity is carefully investigated in some structure model using a realistic choice of the effective nucleon-nucleon (NN)
interaction, and a conclusion on the neutron skin of the considered nucleus is then drawn.
A recent example is the study of the electric dipole polarizability α D of 208 Pb [3] based on both the microscopic random phase approximation approach and macroscopic droplet model, which gives ∆R np ≈ 0.165 fm (with a total uncertainty around 25%) for this nucleus.
Another famous attempt is the Lead Radius Experiment (PREX) at the Thomas Jefferson laboratory [4] , where one has measured the parity-violating electron scattering on the 208 Pb target and deduced in a rather model-independent way the neutron radius based on a larger weak charge of the neutron compared to that of the proton. As a result, the PREX data suggested a neutron skin ∆R np ≈ 0.33
the IAS can be approximately considered as an "elastic" scattering process, with the isospin of the incident proton or 3 He being flipped [5] [6] [7] . In such a picture, the charge-exchange isospin-flip scattering to the IAS is naturally caused by the IV part of the optical potential (OP), expressed in the following Lane form [8]
Here t = 1/2 is the isospin of the projectile and T is that of the target with mass number A, R is the radial separation between the projectile and target, a = 1 and 3 for the incident proton and 3 He, respectively. The second term of Eq. (2) is the symmetry term of the OP, with U 1 known as the Lane potential that contributes to both the elastic scattering and charge-exchange scattering to the IAS [7] . The empirical IV term of the proton-nucleus or 3 He-nucleus OP in the Woods-Saxon form has been first used by Satchler et al. [5, 6] as the charge-exchange form factor (FF) to describe the (p, n) or ( 3 He,t) scattering to the IAS within the distorted wave Born approximation (DWBA).
In the standard isospin representation [9] , the target nucleus A and isobaric analog nucleus
A can be referred to as the isospin states with T z = (N − Z)/2 andT z = T z − 1, respectively.
If we denote the state formed by adding proton or 3 He to A as |aA and that formed by adding a neutron or triton toÃ as |ãÃ , then the DWBA charge-exchange FF for the (p, n)
or ( 3 He,t) scattering to the IAS is readily obtained [9] from the transition matrix element of the OP (2) as
The nucleon OP has been studied over the years, with several global sets of the OP parameters established from the extensive optical model (OM) analyses of the elastic nucleon scattering. Because the high-precision (p, n) data are not available for a wide range of target masses and proton energies, the IV term of the nucleon OP has been deduced [10] [11] [12] mainly from the OM studies of the elastic proton and neutron scattering from the same target and energy, where the IV term of the OP (2) has the same strength, but opposite signs for proton and neutron. Only in few cases has the Lane potential U 1 been deduced from the DWBA studies of (p, n) scattering to the IAS [13, 14] . With the Coulomb correction properly taken into account [15] , the phenomenological Lane potential has been shown to account quite well for the (p, n) scattering to the IAS. However, a direct connection of the OP to the nuclear density can be revealed only when the OP is obtained microscopically from the folding model calculation [16] [17] [18] [19] .
The isospin dependence of the 3 He-nucleus OP has been less investigated. Moreover, the recent global OP for 3 He and triton [20] accounts fairly well for the elastic scattering data using a purely isoscalar real OP (with a slight dependence of the imaginary OP on the neutron-proton asymmetry). Therefore, one can learn more about the IV part of the 3 He-nucleus OP only in the study of the charge-exchange ( 3 He,t) reactions. In fact, the ( 3 He,t) scattering to the IAS has been studied in the DWBA with the FF obtained from a single-folding calculation, using the effective (isospin-dependent) 3 He-nucleon interaction and microscopic nuclear transition density for the IAS excitation [21, 22] . The present work is our attempt to study the ( 3 He,t) scattering to the IAS based on the Satchler's prescription (3). Thus, the FF of the ( 3 He,t) scattering to the IAS can be obtained from the double-folding model (DFM) [18, 19] in the following compact form
where v 
is the IV density matrix of the i-th nucleus, which gives the local IV density when r = r ′ ; s = r 2 − r 1 + R, and M = aA/(a + A). The relative-motion momentum k(E, R) is given self-consistently by the real OP at the distance R (see details in Ref. [18, 19] ). In the limit a → 1 and ∆ρ 1 → 1, the integration over r 1 disappears and (4) is reduced to a single-folded expression for the FF of the (p, n) scattering to the IAS [19] . Because the energies of the analog states are separated approximately by the Coulomb displacement energy, the charge-exchange scattering to the IAS has a nonzero Q value. To account for this effect, the double-folded FF (4) is evaluated at the energy of E = E lab − Q/2, midway between the energies of the incident 3 He and emergent triton, as suggested by Satchler et al. [6] .
At the incident energies of 100 ∼ 200 MeV/nucleon the impulse approximation is reasonable, and an appropriate t-matrix parametrization of the free NN interaction can be used in Eq. (4) . Following the DWBA analysis of the ( 3 He,t) reaction at the same energy to study the Gamow-Teller excitations [23, 24] , we have used the in the present work the nonrelativistic t-matrix interaction suggested by Franey and Love [25, 26] based on the ex-perimental NN phase shifts. Thus, the isospin-dependent direct and exchange parts of the central NN interaction are determined from the singlet-and triplet even (SE,TE) and odd (SO,TO) components of the local t-matrix interaction [26] as
Here k a and k A are the energy-dependent kinematic modification factors of the t-matrix transformation from the NN frame to the Na and NA frames, respectively, which are given by Eq. (19) of Ref. [25] . The explicit (complex) strength of the finite-range t-matrix interaction (5) is given in terms of four Yukawa functions [26] . We note also that at medium energies, the two-step processes like ( 3 He,α)(α, t) or ( 3 He,d)(d, t) are negligible and the direct charge-exchange process is dominant, which allows one to deduce accurately the strength of the Fermi or Gamow-Teller transitions [23, 24] .
Another important nuclear structure input to the folding integral (4) are the neutron and proton g.s. densities of the 3 He projectile and target nucleus. In the present work,
we have used the neutron and proton densities of 3 He given by the microscopic three-body calculation [27] using the Argonne NN potential. For the 90 Zr and 208 Pb targets we have used the empirical neutron and proton densities deduced from the high-precision elastic proton scattering at 800 MeV by Ray et al. [28, 29] . These densities are given in the analytic form so that one can slightly adjust the radial parameter of the neutron density to the best DFM + DWBA description of the charge-exchange ( 3 He,t) scattering data under study, and determine the corresponding neutron skin. For the comparison, we have also used the microscopic nuclear g.s. densities given by the Hartree-Fock-Bogoliubov (HFB) calculation [30] using the realistic Skyrme interaction and taking into account the continuum. These HFB densities have been used earlier in the folding model analysis [31] to study the total reaction cross sections measured at medium energies for the unstable nuclei.
The differential cross section of the charge-exchange Fermi transition to the IAS, with ∆L = ∆S = 0, and ∆T = 1, is known to peak at the zero scattering angle. The absolute differential cross sections measured at the forward scattering angles (θ lab = 0 • − 2. [28] , adjusted by the best DWBA fit to the data. The error of the (best-fit) neutron skin was determined to account for the experimental uncertainty around 10% of the absolute differential cross section measured at the most forward angles (the hatched area). The dash curve is the prediction given by the microscopic HFB density [30] .
For the DWBA analysis of the considered charge-exchange reactions, an accurate determination of the distorted waves in the entrance and exit channels by the appropriately chosen OP is very crucial. Although it is tempted to use consistently the total OP (2) given by the double-folding calculation using the same t-matrix interaction, such an attempt results on a poorer description of both the elastic scattering and charge-exchange data. A plausible reason is that the higher-order medium corrections to the microscopic OP are not [21] [22] [23] [24] , the 3 He OP rescaled by a factor k = 0.85 has been used fot the triton OP of the exit channel. All the DWBA calculations of the charge-exchange scattering to the IAS were done with the relativistic kinematics, using the code ECIS97 written by Raynal [34] . The results of our DFM + DWBA analysis of the ( 3 He,t) scattering to the IAS of the exchange FF (4), only the radial parameter of the empirical neutron density by Ray et al. [28] is slightly adjusted to obtain the best DWBA fit to the charge-exchange data. Such a simple linear fit resulted on a neutron density that gives the neutron skin ∆R np ≈ 0.09 ± 0.03 fm.
The uncertainty of the (best-fit) neutron skin is associated with the experimental uncertainty around 10% of the absolute differential cross section measured at the most forward angles.
The obtained best-fit neutron skin is rather close to that given by the microscopic HFB density (∆R np = 0.07 fm) [30] . If the charge-exchange FF (4) is calculated using the HFB density, then the DWBA results agree reasonably (within the error band) with those given by the (modified) empirical density. It is complimentary to note that the (p, n) data of the spin-dipole excitations of the 90 Zr target have been analyzed [35] to deduce accurately the spin-dipole sum rule strength that gives the neutron skin ∆R np ≈ 0.07 ± 0.04 fm for this nucleus, about the same as that given by the HFB calculation. The best-fit neutron skin of 90 Zr given by the present DFM + DWBA analysis is close to that (∆R np ≈ 0.085 fm) given by the analysis of the elastic proton scattering data measured at E p = 800 MeV with the 90 Zr target [28, 29] .
Given the indirect relation of the neutron skin of 208 Pb to the behavior of the nuclear symmetry energy, it has become a hot research topic recently [1-4, 36, 37] . Although the PREX data seem to provide for the first time an accurate, model-independent determination of the neutron skin of 208 Pb [4] , the mean ∆R np value deduced from the PREX data is significantly higher than that given by other studies [3, 36] , including the preliminary results of the γ-induced pion production [37] . The results of the DFM + DWBA analysis of the For a comparison, we have made further a DFM + DWBA calculation using the IV nuclear density of 208 Pb constructed to give the same neutron skin as that given by the PREX data. From these results (see Fig. 3 ) one can see that the lower edge of the PREX data agrees nicely with the measured ( 3 He,t) data. Consequently, we still cannot rule out the large neutron skin of 208 Pb given by the PREX measurement, as was also concluded recently by Fattoyev and Piekarewicz [36] . The new PREX experiment planned to pin down the uncertainty of the ∆R np value to about 0.06 fm [1] would surely resolve the uncertainty given by the folded FF based on the empirical IV density by Ray et al. [28] , adjusted to reproduce the best-fit neutron skin of 208 Pb given by the present DFM + DWBA analysis of the ( 3 He,t) data and the mean ∆R np value given by the PREX data [4] .
of the DFM + DWBA results shown in Fig. 3 .
Despite numerous elastic proton scattering data taken at medium energies, the highprecision data of the (p, n) scattering to the IAS at medium energies are still not available.
We found it of interest to make a folding + DWBA prediction of the (p, n) scattering to the IAS of 208 Pb at the proton energy of 200 MeV. From the results shown in Fig. 4 one can see that the effect caused by different neutron skin values is significantly not only at the zero scattering angle but also at the first diffraction maximum. With the modern neutron detection technique, it should be feasible to cover the whole oscillation pattern of the (p, n)
scattering cross section at the forward region and, eventually, allow one to fine tune the neutron skin value in a similar folding + DWBA analysis.
In conclusion, the existing data of the ( 3 He,t) scattering to the IAS of 90 Zr and 208 Pb at E lab = 420 MeV have been studied in a detailed DFM + DWBA analysis to deduce the neutron skin values for these two nuclei. The best-fit neutron skin values given by our analysis are in a good agreement with those given by the recent nuclear structure studies.
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